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到 5 min 以内，而且产物的形貌和尺寸均一性也得到了明显的提高。在实验的基
础上，提出一种微波增强晶体均相成核与快速生长机理来进行解释。 
第三章，发展了一种微波合成法来制备 MFe2O4 (M=Fe, Mn, Co, Ni)铁氧体磁
性纳米材料。整个制备过程仅需要 5 min 以下即可完成，该反应过程中不需要调
节反应体系 pH 值、不需要惰性气体保护等特殊措施。所得到的产物直径在 6 nm
左右，表现出非常好的尺寸和形貌均一性，并表现出超顺磁性和具有比已报道的
类似尺寸 MFe2O4 更高的饱和磁化强度。对所得到的 MnFe2O4、Fe3O4、CoFe2O4、
NiFe2O4 作为 MRI T2 造影剂的造影性能进行研究，其中 MnFe2O4、CoFe2O4 表现






















































In this thesis, rare earth doped upconversion luminescence nanoparticles (UCNPs) 
and spinel ferrite magnetic nanoparticles (MNPs) are choosen as research objects. The 
project mainly focuses on the preparation process, the relationship between structure 
& properties and the application in biomedical detection. The main contents are as 
follow. 
In the first chapter, the mechanism of microwave heating and its advantage in 
the controlled synthesis of inorganic nanomaterials; the mechanism of upconversion 
luminescence; the unique magnetic properties of MNPs; and the application of these 
two materials in biomedical research are briefly reviewed. 
In the second chapter, an efficient microwave-enhanced hydrothermal synthesis 
strategy for rapid synthesis of β-NaGdF4:Ln
3+ (Ln=Yb, Er/Tm/Ho) UCNPs with 
multicolor upconversion luminescence and paramagnetic properties has been 
developed. The uniform β-NaGdF4:Ln
3+ UCNPs could be rapidly formed within a few 
minutes at 160 ◦C. In comparison to conventional heating routes, a burst 
homogeneous nucleation and higher growth rate as well as enhanced dimensional 
homogeneity of the UCNPs was achieved in microwave heating. A microwave 
heating-based classical crystallization mode and surfactant assisted anisotropic growth 
mechanism were proposed for the formation of β-NaGdF4:Ln
3+ UCNPs. 
In the third chapter, A series of ferrite nanocrystals MFe2O4 (M=Fe, Mn, Co, Ni) 
were prepared via a microwave synthesis strategy. The whole synthesis process could 
be accomplished just in a few minutes at a moderate temperature. The products were 
systematically characterized and showed uniform spherical morphology with an 
average particle size of 6.0 nm, well crystallinity, superparamagnetic property and 
relatively high saturation magnetization. The Magnetic Resonance Imaging (MRI) T2 
relaxation performance of these MFe2O4 MNPs were also investigated. MnFe2O4 and 
CoFe2O4 show much higher T2 relaxation rate than that of Fe3O4, thus has a promising 
















In the fourth chapter, dopamine-melanin can act as an ultra-efficient quencher for 
UCNPs and glutathione shows highly sensitive anti-quenching behavior by blocking 
the spontaneous oxidation of dopamine, thus, a biothiols detection platform with high 
specificity and sensitivity properties has been constructed. This approach features 
facile, fluorescence/visual detection, good specificity relative to biothiols and 
enhanced sensitivity by conducting in NIR excitation. This 
UCNPs-dopamine-melanin hybrid system show promising potential in studying 
biothiols levels in biological system. 
In the fifth chapter, surface negative charged and positive charged nano magnetic 
beads were employed to investigate the surface charge properties of cancer cell. A 
new method for cell surface charge study and cells separation application, 
named “Charge induced magnetic separation (CiMS)” has been developed. By 
incubating the Hela cells and S180 cells with positive and negative charged 
nano magnetic beads respectively and followed a magnetic separation procedure, we 
found that the enhanced negative surface charge property is a unique character 
of cancer cells. Pretreatment of cancer cells with neuraminidase and glycolysis 
inhibitors, 3- bromine pyruvic acid, showed that the variation of 
glycolytic metabolism had obviously influence on the surface charge of cancer 
cells, while the removal of negatively charged sialic acid molecular does not have a 
detectable impact on the surface charge of cancer cell. Although more in-depth 
and meticulous research still needs to be done to confirm this discovery, we suggest 
that there is a strong correlation between the glycolytic pathway of energy 
metabolism and its enhanced surface negative charge property, the inhibition of 
glycolysis metabolism can significantly weaken the surface charges intensity of 
cancer cell. This discovery and point of view provide a new train of thought for 
cancer diagnosis and treatment. 
Keywords: microwave synthesis, nanoparticles, upconversion luminescence, ferrite, 
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